CHAPTER 2
PLANNI NG AND TECHNI CAL ASSESSMENT

2.1 Planning Procedure

Adequate planning nust precede any wastewater treatnment
system design to ensure selection of the nbst cost-effective
process that is feasible for the situation under consider-
ation. In many cases, guidelines or specifications for the
pl anni ng procedure are provided by the agency responsible for
the project. The purpose of this chapter is to present those
aspects of the planning procedure that are either unique or
requi re special enphasis because of |and treatnent.

Process selection for |and treatnent systens is nore depen-
dent on site conditions than are nechanical treatnent alter-
natives. This can nean that there is a need for extensive
and, in sone cases, expensive site investigation and field
testing prograns. To avoid unnecessary effort and expense,
a two- phase pl anni ng approach has been devel oped and adopt ed
by nost agencies concerned. As shown in Figure 2-1, Phase 1
invol ves identification of potential sites via screening of
avai l able informati on and experience. |If potential sites for
any of the land treatnment processes are identified, the study
noves into Phase 2. This phase includes field investigations
and an eval uation of the alternatives.

2.2 Phase 1 Pl anning

Early during Phase 1, basic data that are comon to all
wastewater treatnent alternatives nust be collected and
anal yzed along with land treatnment system requirenents to
determ ne whether land treatnent is a feasible concept. |If
no limting factors are identified that would elimnate | and
treatnent fromfurther consideration, the next steps are to
identify potential land treatnent sites and to eval uate the
feasibility of each site.

2.2.1 Prelimnary Data

Service area definition, population forecasts, wastewater
quality and quantity projections, and water quality require-
ments are wusually either specified or determ ned using
procedures established by the responsible authority. Wth
the exception of water quality requirenents, the data are
generally the sane for all forns of wastewater treatnent. A
few aspects are specific to land treatnent and are di scussed
in this section.
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2.2.1.1 Wastewater Quality and Loadi ngs

Maj or constituents in donestic wastewater are presented in
Table 2. Trace el enent concentration ranges are shown in
Table 2—2. The values in these tables may be used for plan-
ni ng purposes when a community*s water quality has not been
det er m ned. O her inportant paraneters in |and treatnent
design can include total dissolved solids, pH potassium
sodi um cal cium nmagnesium boron, barium selenium fluor-
i de, and silver.

TABLE 2-1
| MPORTANT CONSTI TUENTS | N TYPI CAL
DOVESTI C WASTEWATER [ 1]

ng/ L

Type of wastewater

Constituent Strong Medium Weak

BOD 400 220 110
Suspended solids 350 220 100
Nitrogen {total as N} 85 40 20
Organic 35 15 8
Ammonia 50 25 12
Nitrate [¢] 0 4]
Phosphorus (total as P) 15 8 4
Organic 5 3 1
Inorganic 10 5 3
Total organic carbon 290 160 80

For municipal |and treatnent systens, BOD and suspended
solids loadings seldomlimt system capacity. Typical BCD
| oadi ng rates at nunicipal systens are shown in Table 2-3 and
are much lower than rates used successfully in |and treatnent
of food processing wastewaters. Suspended solids |oadings at
these industrial systens would be simlar to the ROD | oadi ngs
shown in Table 2-3.

In contrast, if nitrogen renoval is required, nitrogen | oad-
ing may limt the systemcapacity. N trogen renoval capacity
depends on the crop grown, if any, and on system managenent
practi ces. The engi neer should consult Sections 4.5 and
5.4.3.1 to determ ne whether nitrogen loading will govern
system capacity and, therefore, |and area requirenents.
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TABLE 2-2
COMPARI SON OF TRACE ELEMENTS IN
WATER AND WASTEWATERS

ng/ L
Maximum recommended EPA recommended

Untreateda qongent;ations fgr drinking .
Element wastewater irrigation water water standards
Arsenic 0.003 0.1 0.05
Boron 0.3-1.8 0.5-2.0 No standard
Cadmium 0.004-0.14 0.01 0.01
Chromium 0.02-0.700 0.1 0.05
Copper 0.02-3.36 0.2 1.0
Iron 0.9-3.54 5.0 0.3
Lead 0.05-1.27 5.0 0.05
Manganese 0.11-0.14 0.2 0.05
Mercury 0.002-0.044 No standard 0.002
Nickel 0.002-0.105 0.2 No standard
2inc 0.030-8.31 2.0 5.0

a. The concentrations presented encompass the range of values
reported in references [2-6].

Based on unlimited irrigation at 1.0 m/yr(3 ft/yr).

Reference [7].

TABLE 2-3
TYPI CAL BOD LQOADI NG RATES
kg/ haeyr

Slow rate Rapid infiltration overland flow

Range for
municipal
wastewater 370-1,830 8,000-46,000 2,000-7,500

Note: See Appendix G for metric conversions.

In some cases, other wastewater constituents such as phos-
phorus or trace elenments may control design. For exanple, if
wast ewater trace el enent concentrations exceed the maxi mum
recommended concentrations for irrigation water (Table 2-2),
SR systems may be infeasible or may require special
precauti ons. This is rare, however, and nost nmunici pal
systens will be limted either by hydraulic capacity or
ni trogen | oadi ng.

2.2.1.2 Water Quality Requirenents

Land treatnment systens have sonmewhat unique discharge
requi rements because many of these systens do not have
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conventional point discharges to receiving surface waters.
In the past, the ability of the soil to treat wastewater was
not well recognized. As a result, discharge standards were
often inposed on a wastewater prior to its application on
| and, thereby increasing treatnment costs and energy require-

ments wthout significantly inproving overall treatnent
performance. More recently, |and has been recogni zed as an
i nportant conponent in the treatnent process. For this

reason, discharge requirements now apply to water quality
follow ng | and treatnent.

For systens that discharge to receiving waters, such as OF
systens and sone underdrai ned or naturally draining SR and Rl
systens, renovated water quality nust neet surface discharge
requi rements. For systens where the renovated water remains
under gr ound, EPA has established guidance for three
categories of ground water discharge that neet the criteria
for best practicable waste treatnent. These three categories
are as foll ows:

Case 1 - The ground water can potentially be used for
dri nki ng water supply.

The chem cal and pesticide levels in Table 24
shoul d not be exceeded in the ground water. |If the
exi sting concentration in the ground water of an
i ndi vi dual paraneter exceeds the standards, there
shoul d be no further increase in the concentration
of that paranmeter resulting fromland application
of wastewater.

Case 2 - The ground water is used for drinking water supply.

The sane criteria as Case 1 apply and the bacteri o-
| ogical quality criterion from Table 24 also
applies in cases where the ground water is used
wi t hout di sinfection.

Case 3 - Uses other than drinking water supply.
G ound water criteria should be established by the
Regi onal Adm nistrator in conjunction with appro-
priate state agencies based on the present or
potential use of the ground water.

For each ground water category, discharge requirenments nust
be net at the boundary of the |land treatnent project.
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TABLE 2-4
NATI ONAL | NTERI M PRI MARY
DRI NKI NG WATER STANDARDS, 1977 [7, 8]

Constituent Reason

or characteristic value? for standard
Physical
Turbidity, units 1b Aesthetic

Chemical, mg/L

Arsenic 0.05 Health
Barium 1.0 Health
Cadmium 0.01 Health
Chromium 0.05 c Health
Fluoride 1.4-2.4 Health
Lead 0.05 Health
Mercury 0.002 Health
Nitrates as N 10 Health
Selenium 0.01 Health
Silver 0.05 Cosmetic
Sodium - Health
Bacteriological

Total coliforms,
MPN/100 mL 1 Disease

Pesticides, mg/L

Endrin 0.0002 Health
Lindane 0.004 Health
Methoxychlor 0.1 Health
Toxaphene 0.005 Health
2,4-D 0.1 Health
2,4,5-TP 0.01 Health

a. The latest revisions to the constituents
and concentrations should be used.

b. Five mg/L of suspended solids may be
substituted if it can be demonstrated
that it does not interfere with
disinfection.

c. Dependent on ambient air temperature;
higher limits for lower temperatures.

d. Ground water drinking supplies must be
monitored at least once every 3 years;
surface water supplies must be monitored
at least annually.

For SR systens, individual states often have additional
crop-specific preapplication treatnent requirenents. These
requi renments are usually based on the nethod of wastewater
application, the degree of public contact with the site, and
the disposition of the crop. For exanple, crops for human
consunption generally require higher |evels of preapplication
treatnent than forage crops.

Local and state water quality requirenents may al so apply to
site runoff. Generally, all wastewater runoff nust be con-
tained onsite and reapplied or treated. Stormnater runoff
requirenents will vary fromsite to site and will depend on
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the expected quality of the runoff and the quality of | ocal
surface waters. State and local water quality agencies
shoul d be contacted for nore specific requirenents.

2.2.1.3 Regional Characteristics

Critical regional parameters include climte, surface water
hydr ol ogy and quality, and ground water quality.

Climte

Local climate may affect (1) the water balance (and thus the
acceptabl e wastewater hydraulic loading rate), (2) the length
of the growi ng season, (3) the nunber of days per year that
a land treatnent system cannot be operated, (4) the storage
capacity requirenent, (5) the loading cycle of R systens,
and (6) the anmount of stormmater runoff. For this reason

| ocal precipitation, evapotranspiration, tenperature, and
wi nd val ues nust be determ ned before design criteria can be
establ i shed. \Wenever possible, at |least 10 years of data
shoul d be used to obtain these val ues.

Three publications of The National Cceanic and At nospheric
Adm ni stration (NOAA) provide sufficient data for nost com
munities. The Monthly Summary of dimatic Data provides
basic information, including total precipitation, tenperature
maxi ma and mninma, and relative humdity, for each day of the
nmonth and every weather station in a given area. \Wenever
avai |l abl e, evaporation data are included. An annual summary
of climatic data, entitled Local dimatol ogical Data, is
published for a small nunber of major weather stations.
Included in this publication are the normals, neans, and
extrenes of all the data on record to date for each station

The Cinmate Summary of the United States provides 10 year
summaries of the nonthly climatic data. Oher data included
ar e:

Total precipitation for each nonth of the 10 year
peri od.

Mean nunber of days that precipitation exceeded
0.25 and 1.3 cm (0.10 and 0.50 in.) during each
nmont h

Total snowfall for each nonth of the period

Mean tenperature for each nonth of the period

Mean daily tenperature maxima and m ninma for each
nont h



I Mean nunber of days per nonth that the tenperature
was |less than or equal to 0O °C (32 °F) or greater
than or equal to 32.5 °C (90 °F)

A fourth reference that can be hel pful is EPA*s Annual and
Seasonal Precipitation Probabilities [9]. This publication
includes precipitation probabilities for 93 stations
t hroughout the United States.

Data requirenents for planning purposes are summarized in
Table 2-5. The anmount of water |ost by evapotranspiration
should also be estimated, either by using pan evaporation
data supplied by NOAA or by wusing theoretical nethods
(Section 4.3.2.3). The length of the grow ng season for
perenni al crops is usually assuned to be the nunber of con-
ti nuous days per year that the maxinmumdaily tenperature is
above freezing. Specific information on grow ng seasons can
al so be obtained fromthe |ocal county agent.

TABLE 2-5
SUMVARY OF CLI MATI C ANALYSES

Factor Data required Analysis Use

Precipitation Annual average, Frequency Water balance
maximum, minimum

Rainfall storm Intensity, duration Frequency Runcff estimate

Temperature Days with average Frost free Storage, treatment efficlency,
below freezing period crop growing season

Wind Velocity, direction -~ Cessation of sprinkling

Evapotran- Annual, monthly Annual Water balance

spiration average distribution

Sur f ace Wat er Hydrol ogy

For SR systens (see Chapter 4 for details) best managenent
practices for control of stormwater should be used. Contour
planting (instead of straight-row planting) and incorporating
pl ant residues into the soil to increase the soil organic
content will also mnimze sedinent and nutrient | osses.
When desi gni ng drai nage and runoff collection systens, a 10
year return event should be the m ninuminterval considered.

G ound WAt er Hydrol ogy

| nformati on that should be obtained includes soil surveys,
geol ogi ¢ and ground water resources surveys, well drilling
| ogs, ground water |evel nmeasurenents, and chem cal anal yses
of the ground water. Nunmerous federal, state, county, and
city agencies have this type of information as well as uni-
versities, professional and technical societies, and private
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concerns with ground water related interests. Particularly
good sources are the U S. Ceol ogical Survey (USGS), state
wat er resources departments, and county water conservation
and flood control districts. Mich of the information col-
| ected fromthese agencies and entities will also be useful
during the site identification step. (Figure 2-1).

2.2.2 Land Treatnment System Suitability

Factors that should be considered in determning suitability
of a particular land treatnent process are:

I Process ability to neet treatnent requirenments
(refer to Chapter 1)

Study area characteristics that may dictate or
elimnate certain |l and treatnent processes

Secondary project objectives, such as a desire for
i ncreased water supplies for irrigation or recrea-
tion

Once a prelimnary decision regarding process suitability has
been made, typical hydraulic and nutrient |oading rates can
be used to estimate |and area. M ni mum preapplication
treatnent, storage, and other requirenents are then deter-
m ned, and the feasibility of each type of |and treatnent
process i s eval uated.

2.2.2.1 Process Loadi ng Rates

Sl ow Rate Process

The anobunt of wastewater that can be applied to a given SR
site per unit area and per unit tine is the wastewater hy-
draulic loading rate, which can be estimated by using the
foll owm ng wat er bal ance equati on:

Precipitation + applied wastewater (2-1)
= evapotranspiration + percol ation

Runoff is not included in the equation since SR design is
based on having no runoff of applied wastewater. The perco-
lation rate is the volune of water that nust travel through
the soil, per unit application area and unit time, and is
est abl i shed during systemdesign. To ensure that there is no
runoff, the design percolation rate should never exceed the
saturated hydraulic conductivity, or perneability, of the
nost restrictive layer in the soil profile (i.e., the m ninum
soil perneability), potential evapotranspiration values have
been cal cul ated for various locations in the United States.
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These evapotranspiration values have been used along wth
| ocal precipitation records to plot the difference between
potential evapotranspiration and precipitation as a function
of location [10] . This plot, included as Figure 2-2, can be
used to determ ne rough estimates of the difference between
evapotranspiration and precipitation at any site in the
mai nl and United States.

Experi ence has shown that the maxi num desi gn percolation rate
should equal no nore than a fraction of the m ninmm soi
permeability or hydraulic conductivity measured with clear
water and using typical field and |aboratory procedures
(Sections 3.4 and 3.5). For planning purposes, the fraction
ranges from about 4 to 10% of the mninmum hydraulic
conductivity depending on the uniformty of the soil and the
degree of conservativeness (Sections 4.5.1, 5.4.1). Based on
this relationship, the recormmended maxi num percol ation rate
is plotted in Figure 2-3 as a function of mninum soil
pernmeability as neasured with clear water. To use the plot
during Phase 1, soil perneability nust be estimated from soi
survey information. Then, the range of recommended maxi nmum
percolation rates is read fromthe graph. The recomended
range of annual wastewater hydraulic loading rates is
estimated using Equation 2-1, by adding the difference
bet ween evapotranspiration and precipitation (taken from
Figure 2-2) to the range of percolation rates identified in
Figure 2-3. During Phase 2, hydraulic conductivity
measur enents shoul d be conducted at selected sites and used
to estimate maxi mum percol ati on rates.

The range of percolation rates that have been used in prac-
tice is broader than the maxi num recomended range shown in
Figure 2-3. The range is greater because paraneters other
than soil hydraulic capacity, such as nitrogen | oading, crop
requirenents, and climate, often imt the all owabl e perco-

lation rate of SR systens. For prelimnary planning
pur poses, |loading rates and | and requirenents are estimated
by assum ng that corn or sorghum or forage grasses wll be

grown. Nitrogen requirenents for these crops are discussed
in Section 4.3.

Rapid Infiltration Process

Wast ewater hydraulic loading rates for RI systens are based
on the hydraulic capacity of the soil and on the underlying
soil geology. During phase 1, hydraulic capacity is esti-
mated from soil survey data and other published sources.
Then, the range of percolation rates to use during prelim
inary planning is read from Figure 2-3. This figure (2-3)
shoul d not be used for design.
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During Phase 2, design percolation rates are determ ned by
measuring at | east one of the foll ow ng paraneters:

I Infiltration rate using appropriate tests (Section
3.4)

I Hydraul i c conductivity (perneability) of the soil,
usually in vertical direction

As described in Section 5.4.1, the design percolation rate
will always be a fraction of the test results. Considera-
tions of nutrient renoval and cold weather operation nmay
require adjustnents in the design percolation rate.

Overl and Fl ow Process

Duri ng Phase 1 and phase 2 pl anning, the engineer can assune
a hydraulic loading rate of 6.3 to 20 cniwk (2.5 to 8 in./wk)
for screened raw wastewater and a rate of 10 to 25 cmwk (4
to 10 in./wk) for primary effluent (Section 6.4). Oten, OF
is used to polish wastewater effluent from biol ogical
treat ment processes. In such cases, assunmed wastewater
| oading rates may be as high as 20 to 40 cmiwk (8 to 16
in./wk).

2.2.2.2 Storage Needs

For SR and OF systens, adequate storage nust be provi ded when
climatic conditions halt operations or require reduced
hydraulic |l oading rates. Mst Rl basins are operated year-
round, even in areas that experience cold w nter weather
(Figure 2-4). Rapid infiltration systens may require cold
weat her storage during periods when the tenperature of the
wastewater to be applied is near freezing and the anbient air
tenperature at the site is below freezing. Cenerally, the
probl em occurs only when ponds are used for preapplication
treatnent. Land treatnent systens al so may need storage for
fl ow equal i zati on, system backup and reliability, and system
managenent, including crop harvesting (SR and OF) and
spreadi ng basin maintenance (RI). Reserve application areas
can be used instead of storage for these system managenent
requirenents.

During the planning process, Figure 2-5 may be used to obtain
a prelimnary estimte of storage needs for SR and OF
systens. This figure was devel oped fromdata coll ected and
anal yzed by the National Aimatic Center in Asheville, North
Carolina. The data were used to devel op conputer prograns
that estimte site specific wastewater storage requirenments
based on climate [11], which, in turn, were used to plot
Figure 2-5. The map is based on the nunber of freezing days
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per year corresponding to a 20 year return period. | f
application rates are reduced during cold weather, additional
storage nmay be required. Should there be a need for nore
detail ed data, the engi neer should contact:

Director

National Clinmatic Center

Federal Buil ding

Asheville, North Carolina 28801
(704) 2582850

Any conmuni cations should refer to conputer prograns EPA,
2, and 3 (Section 4.6.2 and Appendix F). Each of these
prograns costs $225 for an initial conmputer run (January
1981) .

FIGURE 2-4
WINTER OPERATION OF RAPID INFILTRATION
AT LAKE GEORGE, NEW YORK

Alternatively, for OF and SR systens, -4 °C (25 °F) can be
assunmed as the mninum tenperature at which a system w ||
successfully operate. Readily avail abl e tenperature data may
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be used by assum ng that systens do not operate below -4 °C
Then, the required storage volune is estimted from the
average cold weather flow and the nunber of days in which the
mean tenperature is less than -4 °C

2.2.3 Land Area Requirenents

The anmount of land required for a land treatnent system
i ncludes the area needed for buffer zones, preapplication
treatnent, storage, access roads, punping stations, and
mai nt enance and adm ni stration buildings, in addition to the
| and actually required for treatnment. Depending on growth
patterns in the study area, and on the accessibility of the
land treatnent site, additional land may be required for
future expansion or for plant energencies.

During planning, the total amount of |and required, excluding
any buffer zones that nmay be required by state agencies, can
be roughly approximated from Figure 2-6. To use the
nonmogr aph shown in this figure, the design wastewater flow
nmust be known. First, the wastewater hydraulic |loading rate
is estimated (Section 2.2.2). Then, the wastewater flow and
hydraulic loading rate are | ocated on the appropriate axes
and a line is drawn passing through themto the pivot |ine.
Next, the nunber of weeks per year that the systemw /|| not
operate, due to weather, crop harvesting, or other reasons,
is estimated. A second line is drawn fromthe pivot point to
t he nunber of nonoperating weeks. The point at which this
second line crosses the axis |abeled “total area” corresponds
to the estinmated required area.

2.2.4 Site ldentification

Potential land treatnment sites are identified using existing
soils, topography, hydro geol ogy, and | and use data, shown by
parameter on individual study area nmaps. Eventual |y, the
data are conbined into conposite study area maps that
i ndicate areas of high, noderate, and low |and treatnent
suitability.

Potential land treatnent sites are identified using a deduc-
tive approach [13]. First, any constraints that mght [imt
site suitability are identified. |In nost study areas, al
land within the area should be evaluated for each |and
treatnent process. The next step is to classify broad areas
of land near the area where wastewater is generated according
to their land treatnent suitability. Factors that should be
consi dered include current and pl anned | and use, topography,
and soils.
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2.2.4.1 Land Use

Land use in nost communities is regulated by |ocal, county,
and regional zoning |laws. Land treatnent systens nust conply
with the appropriate zoning regulations. For this reason

t he pl anner should be fully aware of the actual |and uses and
proposed | and uses in the study area. The planner shoul d
attenpt to develop land treatnent alternatives that conform
to local |and use goals and objectives.

Land treatnent systens can conformw th the follow ng | and
use objectives:

I Protection of open space that is used for |and
t r eat ment

Production of agricultural or forest products using
renovated water on the land treatnent site

Recl amation of land by using renovated water to
establish vegetation on scarred | and

Augnent ati on of parklands by irrigating such | ands
wi th renovated water

Managenment of flood plains by using flood plain
areas for land treatnent, thus precluding I|and
devel opnent on such sites

Formation of buffer areas around major public
facilities, such as airports

To eval uate present and planned | and uses, city, county, and
regi onal |and use plans should be consulted. Because such
plans often do not reflect actual current |land use, site
visits are recommended to determne existing |and use.
Aeri al phot ographic maps nmay be obtained fromthe Soil Con-
servation Service (SCS) or the l|ocal assessor*s office.
O her useful information nmay be available fromthe USGS and
the EPA, including true color, false color infrared, and
color infrared aerial photos of the study area.

Once the current and planned | and uses have been determ ned,
t hey should be plotted on a study area map. Then, |and use
suitability may be plotted using the factors shown in Table
2- 6.

Both | and acquisition procedures and treatnent system opera-
tion are sinplified when few |l and parcels are invol ved and
contiguous parcels are used. Therefore, parcel size is an
i nportant paraneter. Usually, information on parcel size
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can be obtai ned fromcounty assessor or county recorder mnaps.
Again, the information should be plotted on a map of the
study area.

TABLE 2-6
LAND USE SUI TABI LI TY FACTORS FOR
| DENTI FYI NG LAND TREATMENT SI TES [ 14]

Type of system

Agricultural Forest Overland Rapid
Land use factor slow rate slow rate flow infiltration
Open or cropland High Moderate High High
Partially forested Moderate Moderately Moderate Moderate
high
Heavily forested Low High Low Low
Built upon Low Very low Very low Very low

{(residential,
commercial, or
industrial)

2.2.4.2 Topography

Steep grades |imt a site*s potential because the anmount of
runoff and erosion that will occur is increased, crop culti-
vation is nmade nore difficult, if not inpossible, and satur-
ation of steep slopes nmay lead to unstable soil conditions.
The maxi mum accept abl e grade depends on soil characteristics
and the land treatnment process used (Table 1-2).

Grade and elevation information can be obtained from USGS
t opogr aphi ¢ maps, which usually have scales of 1:24,000 (7.5
mnute series) or 1:62,500 (15 mnute series). G ade
suitability may be plotted using the criteria listed in Table
2-7.

TABLE 2-7
GRADE SUI TABI LI TY FACTORS FOR | DENTI FYI NG
LAND TREATMENT SI TES [ 14]

Slow rate systems

Overland Rapid

Grade factor Agricultural Forest flow infiltration
0 to 12% High High High High

12 to 20% Low High Moderate Low

>20% Very low Moderate Eliminate Eliminate
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Relief is another inportant topographical consideration and
is the difference in elevation between one part of a |and
treatnment system and another. The primary inpact of relief
isits effect on the cost of conveying wastewater to the | and
application site. Oten, the econom cs of punping wastewater
to a nearby site nust be conpared with the cost of
constructing gravity conveyance to nore di stant sites.

A site*s susceptibility to flooding also can affect its
desirability. The flooding hazard of each potential site
shoul d be evaluated in terns of both the possible severity
and frequency of flooding as well as the areal extent of
f 1 oodi ng. In sone areas, it may be preferable to allow
flooding of the application site provided offsite storage is
available. Further, crops can be grown in flood plains if
flooding is infrequent enough to make farm ng econom cal .

Overland flow sites can be located in flood plains provided
they are protected fromdirect flooding which could erode the
sl opes. Backwater from flooding, if it does not |ast nore
than a few days, should not be a problem Flood plain sites
for Rl basins should be protected fromfl ooding by the use of
| evees.

Summari es of notable floods and descriptions of severe floods
are published each year as the USGS Water Supply Papers.
Maps of certain areas inundated in past floods are published
as Hydrologic Investigation Atlases by the USGS. The USGS
al so has produced nore recent maps of flood prone areas for
many regions of the county as part of the Uniform National
Program for Managi ng Fl ood Losses. These nmaps are based on
standard 7.5 mnute (1:24,000) topographic sheets and
identify areas that lie within the 100 year flood plain.
Addi ti onal information on flooding susceptibility is
avail able fromlocal offices of the US. Arny Corps of Engi-
neers and |l ocal flood control districts.

2.2.4.3 Soils

Comon soil -texture terns and their relationship to the SCS
textural class nanes are listed in Table 2-8.

Fine-textured soils do not drain well and retain water for
long periods of tine. Thus, infiltration is slower and crop
managenent is nore difficult than for freely drained soils
such as loany soils. Fine-textured soils are best suited for
the OF process. Loany or nmediumtextured soils are desirable
for the SR process, although sandy soils may be used wth
certain crops that grow well in rapidly draining soils. Soi

structure and soil texture are inportant characteristics that
relate to perneability and acceptability for land treatnent.

2-20



Structure refers to the degree of soil particle aggregation.
A well structured soil is generally nore perneable than
unstructured material of the sanme type. The Rl process is
suited for sandy or |oany soils.

TABLE 2-8
SO L TEXTURAL CLASSES AND CGENERAL TERM NOLOGY
USED I N SO L DESCRI PTI ONS

General terms
— Basic soil textural
Common name Texture class names

Sandy soils Coarse Sand
Loamy sand

Moderately coarse Sandy loam
Fine sandy loam

Loamy soils Medium Very fine sandy loam
Loam
Silt loam
Silt

Moderately fine Clay loam
Sandy clay loam
Silty clay loam

Clayey soils Fine Sandy clay
Silty clay
Clay

Soi | surveys are usually available fromthe SCS. Soil sur-
veys normally contain maps show ng soil series boundaries and

textures to a depth of about 1.5 m (5 ft). The scal e of
t hese maps ranges from1:31,680 to 1:15,840 and even 1:7,920
in sonme |ocations. In a survey, limted information on

chem cal properties, grades, drainage, erosion potential
general suitability for locally grown crops, and interpretive
and managenent information is provided. In sone areas,
publ i shed surveys are not available or exist only as detail ed
reports with maps ranging in scale from 1:100,000 to
1: 250, 000. Additional information on soil characteristics
and on soil survey availability can be obtained fromthe SCS
t hrough the | ocal county agent.

Al though soil depth, perneability, and chem cal character-
istics significantly affect site suitability, data on these
paraneters are often not avail able before the site investi-
gation phase. |If these data are available, they should be
plotted on a study area map along with soil texture. I n
identifying potential sites, the planner should keep in mnd
t hat adequate soil depth is needed for root devel opnment and
for thorough wastewater treatnent. Further, perneability
requirenents vary anong the Jland treatnent processes.
Desirabl e perneability ranges are shown by process in Table
2-9 together with desired soil texture. The SCS perneability
class definitions are presented in Figure 2-3.
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Certain geological formations are of interest during Phase 1

Discontinuities and fractures in bedrock may cause
shortcircuiting or other unexpected ground water flow
patterns. |nperneable or sem perneabl e | ayers of rock, clay,
or hardpan can result in perched ground water tables. The
USGS and nany state geol ogi cal surveys have maps indicating
t he presence and effects of geol ogical formations. These
maps and other USGS studies may be used to plot |ocations
within the study area where geological formations may limt
the suitability for land treatnent.

TABLE 2-9
TYPI CAL SO L PERMEABI LI TI ES AND TEXTURAL
CLASSES FOR LAND TREATMENT PROCESSES

Principal processes

Rapid Overland

Slow rate infiltration flow
Soil permeability >0.15 >5.0 <0.5
range, cm/h
Permeability Moderately slow tc Rapid Slow
class range moderately rapid
Textural Clay loams to Sand and Clays and
class range sandy loams sandy loams clay locams
Unified Soil GM-d, SM-d, ML, GW, GP, SW, GM-u, GC,
Classification OL, MH, PT SP SM-u, SC,

CL, OL, CH, OH

Once each of the parameters discussed in the precedi ng para-
graphs have been nmapped, the nmaps are nerged into a conposite
map that indicates areas wth high, noderate, and |ow
suitability. Map overlays may be useful during this process.

2.2.5 Site Screening

During the latter half of Phase 1, each part of the study
area that appears to be suitable for land treatnent nust be
evaluated and rated in ternms of technical suitability and
feasibility. Rating is often acconplished by wei ghting each
of the site selection factors and using a nunerical system
The resulting ratings are used to identify sites that have
hi gh overall suitability and that should be investigated nore
thoroughly. If suitable sites are not available, no further
consideration is given to | and treatnent.
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Site selection factors and wei ghtings should vary to suit the
needs and characteristics of the community. Several factors
that should be considered are listed in Table 2-10. A sanple
rating systemis shown in Table 2-11. This system may be
varied by the planner to reflect available information.

TABLE 2-10
SI TE SELECTI ON GUI DELI NES

Characteristic

Process

Remarks

Soil permeability

Potential ground
water pollution

Ground water storage
and recovery

Existing land uses

Future land use

Size of site

Flooding hazard

Slope

Water rights

Overland flow

Rapid infiltration
and slow rate

Rapid infiltration
and slow rate

Rapid infiltration

processes

All processes

All processes

All processes

All processes

Rapid infiltration

Overland flow

All processes

High permeability soils are more suitable
to other processes.

Hydraulic loading rates increase with
permeability.

Affected by the (1) proximity of the site to
a potential potable aquifer, (2) presence of
an agquiclude, (3) direction of ground water
flow, and (4) degree of ground water recovery
by wells or underdrains.

Capability for storing percolated water and
recovery by wells or underdrains is based

on aquifer depth, permeability, aquiclude
continuity, effective treatment depth, and
ability to contain the recharge mound within
the defined area.

Involves the occurrence and nature of con-
flicting land use.

Future urban develooment may affect the ability
to expand the system.

If there are a number of small parcels, it is
often difficult to purchase or lease the
needed area.

May exclude or limit site use.

Steep grades may (1) increase capital expen-
ditures for earthwork, and (2) increase the
erosion hazard during wet weather.

Steep grades often affect ground water
flow pattern.

Steep grades reduce the travel time over the
treatment area and treatment efficiency. Flat
land requires extensive earthwork to create
grades.

May require disposal of renovated water in a
particular watershed within a particular
stretch of surface water.
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TABLE 2-11

RATI NG FACTORS FOR SI TE SELECTI ON [ 14,

15]

Characteristic

Slow rate systems

Agricultural

Forest

Overland
flow

Rapid
infiltration

Soil depth, m?

0.3-0.6

0.6-1.5

1.5-3.0
>3,0

Minimum depth to
ground water, m

<1l.2
1.2-3,0
>3.0

Permeability, cm/hC

<0.15
0.15~-0.5
0.5-1.5
1.5-5.0
>5.0
Grade, %
0-5
5-10
10-15
15-20
20-30
30-35
>35

Existing or planned land use

Industrial

High density residential/urban
Low density residential/urban
Forested

Agricultural or open space

Overall suitability ratingd

Low
Moderate
High

L) w oW

mmooLm® @ oUWk

o -0 O

<15
15-25
25-35

O O 0w

ON &N @ Lecl- oI Ve

Wb =0 O

<15
15-25
25-35

N ~ e O

moEmmNon© OO

B OO

<16
le~25
25-35

o rom © & [

(o2 Mo B o s RN o) o mE

Lol i )

<lé
16-25
25-35

Note: The higher the maximum number in each characteristic, the more important

the characteristic; the higher the ranking,

a. Depth of the profile to bedrock.

b. Excluded; rated as poor.

c. Permeability of most restrictive layer in soil profile.

d. Sum of values.
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EXAMPLE 2-1: USE OF RATI NG FACTORS TO DETERM NE
SITE SUI TABI LI TY

An exanple of the use of rating factors is presented in the follow ng two
figures and tables. Exanple soil types are shown in Figure 2-7 as presented in
a portion of a county SCS soil survey. Characteristics of the three soil types
and existing | and uses are presented in Table 2-12. The characteristics are
then conpared to the rating factors in Table 2-11 to obtain the nunerical val ues
in Table 2-13. For exanple, the Bibb silt loamin Table 2-12 has a depth of
soil above bedrock of 1.5 to 3 m(5 to 10 ft). From Table 2-11, this would
correspond to values of 8 for SR, 7 for OF, and 4 for Rl. These values are
entered into Table 2-13.

Wien all factors are evaluated, the nunerical values are added together to
obtain a total and to determine the suitability rating. The high suitability
areas are presented in the soils map in Figure 2-8. By applying this procedure
to all soils within a given radius of the comunity, the nost suitable sites
(generally 3 to 5) are identified for further field investigation and cost—

ef fectiveness eval uation.

Bm

FIGURE 2-7
EXAMPLE AREA QOF SOIL MAP TO BE EVALUATED

TABLE 2-12
CHARACTERI STICS COF SO L SERI ES MAPPED I N FI GURE 2-7

Sassafras fine Evesboro

Bibb silt loam sandy loam loamy sand
Map symbol Bm SaB EoB
Soil depth, m 1.5-3.0 0.6-1.5 >3.0
Depth to ground water, m <1l.2 1.2-3.0 1.2-3
Permeability, cm/h <0.15 1.5-5.0 >5.0
Grade, % 0-5 0-5 0-5
Land use Agricultural Forested Industrial
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TABLE 23

EXAMPLE USE COF RATI NG FACTCRS FOR SI TE SELECTI ON

System Ground Perme- Land
Sgil type type Depth water ability Grade |use Total Suitability
Bibb SR 8 0 1 8 4 21 Mocerate
silt loam OF 7 2 10 8 q 31 Hich
(Bm) RI 4 E E 8 4 --3 Eliminate
Sassafras SR 2 4 8 8 1 24 Moderate
fine sandy OF 4 4 1 8 1 18 Moderate
loam (SaB) RI E 2 6 8 1 --48 Eliminate
Evesboro SR 9 4 8 8 0 29 High
loamy sand OF 7 4 E 8 0 --2 Eliminate
(EOB) RI 8 2 9 8 0 27 High
a. Total not determined because site was clearly eliminated (E) for this

type of land treatment based on one or more site factors.

AN

7/] SR or RI HIGH SUITABILITY

\N

[:] SR or OF MODERATE SUITABILITY

FIGURE 2-8

OF HIGH SUITABILITY
SR MODERATE SUITABILITY

EXAMPLE SUITABILITY MAP FOR SOILS IN FIGURE 2-7
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2.3 Phase 2 Pl anning

Phase 2, the site investigation phase, occurs only if sites
with potential have been identified in Phase 1. During Phase
2, field investigations are conducted at the selected sites
to determne whether land treatnent is technically feasible.
When sufficient data have been coll ected, prelimnary design
criteria are calculated for each potential site. Using these
criteria, capital and operation and maintenance costs are
estimat ed. These cost estimates and other nonnonetary
factors are used to evaluate the sites sel ected during Phase
1 for cost effectiveness. On the basis of this eval uation,
a land treatnent alternative is selected for design

2.3.1 Field Investigations

Field investigations that shoul d be performed during Phase 2
i ncl ude:

1 Characterization of the soil profile to an approxi -
mate depth of 1.5 m(5 ft) for SRRk, 3 m (10 ft) for
R, and 1 m (3 ft) for OF

Measurenments of ground water depth, flow, and
qual ity

Infiltration rate and soil hydraulic conductivity
measur enent s

1 Determ nation of soil chem cal properties
Met hods for these anal yses are detailed in Chapter 3.
2.3.2 Selection of Prelimnary Design Criteria

Frominformation collected during the field investigations,
t he engi neer can confirmthe suitability of the sites for the
identified land treatnent process(es). Usi ng the | oading
rates described previously (Figure 2-3, Section 2.2.2), the
engi neer should then select the appropriate hydraulic |oading
rate for each land treatnent process that is suitable for
each site under consideration. Based on the |oading rate
estimates, |land area, preapplication treatnent, storage, and
ot her systemrequirenments can be estimted. Reuse/recovery
options should also be outlined at this tine.
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2.3.2.1 Preapplication Treatnent

Sone degree of wastewater treatment prior to land application
is usually necessary, for one or nore of the follow ng
reasons:

1 To avoid unnecessary wear on the distribution
system and in particular, punps in the system

To al |l ow wastewater storage prior to |and treatnent
Wi t hout creating nui sance conditions

To m nimze potential public health risks

To reduce soil clogging in R |and treatnent

To obtain a higher overall I|evel of wastewater
t reat nent

I ndustrial pretreatnent should be consi dered when i ndustri al
waste contains materials that (1) could hinder the treatnent
processes; (2) could accunulate in quantities that woul d be
detrinental to the soil-plant system or (3) could pass
through a land treatnent systemand restrict the beneficial
uses of the renovated water or the native ground water.
| ndustrial contam nants of concern include trace organics and
trace elenments. General guidelines and tinme schedules for
i npl enmentation of industrial waste pretreatnent progranms can
be obtained fromthe EPA regional offices.

2.3.2.2 Recovery of Renovated Water

The col |l ection of renovated wastewater follow ng | and treat-
ment nmay be either necessary or desirable. |[If the renovated
wast ewat er can be recl ai ned for beneficial uses, recovery nmay
even be profitable. In many |ocations, water rights may
necessitate recovery of renovated water for disposal at a
specific location in a given watershed. |In sone |ocations,
under drai nage may be needed to control ground water eleva-
tions and all ow site devel opnent.

Met hods used to recover renovated wastewater include under-
drains, recovery wells, surface runoff collection, and tail -
wat er return. Wastewater can also be recovered through
springs and seeps that result from land treatnment or by
subsurface flow fromthe |land treatnent site to the surface
water. These nethods and their applicability to each of the
three major types of land treatnent are summari zed in Table
2-14. Design of recovery systens is discussed in nore detai
in Chapters 4, 5, and 6.
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TABLE 2-14
APPLI CABI LI TY OF RECOVERY SYSTEM5 FOR RENOVATED WATER

Recovery system Slow rate Rapid infiltration Overland flow
Springs, seeps, oOr Often used to Often used to NA
natural drainage maintain water maintain water rights
rights
Underdrains Ground water control Ground water control NA
and effluent reuse and effluent reuse
Recovery wells Usually NA Ground water control NA

and effluent reuse

Surface runoff

Effluent NA NA Collect, discharge®
Stormwater Sediment control NA Collect, dischargea
Tailwater
Sprinkler application NA NA NA
Surface application %?—50% of applied NA NA
ow

NA - not applicable.

a. Disinfect if required before discharge; provide for short-term recycling of waste-
water after extended periods of shutdown if effluent regquirements are stringent.

2.3.3 Evaluation of Alternatives

Land treatnment alternatives should be eval uated on the basis
of capital costs, operation and mai ntenance costs (including
energy consunption), and other nonnonetary factors, such as
public acceptability, ease of inplenentation, environnmental
i npact, water rights, and treatnent consistency and relia-
bility.

2.3.3.1 Costs

For cost anal yses, the EPA cost-effectiveness anal ysis pro-
cedures described in 40CFR 35, Appendix A, nust be used in
sel ecting any municipal wastewater managenment system that
will be funded under PL 92-500 [16]. For nongrant funded
projects, the EPA analysis my be nodified to fit a
communi ty*s specific objectives. The nost cost-effective
alternative is defined as follows [16]

The nost cost-effective alternative shall be the waste
treat nent nmanagenent system which the anal ysis deter-
mnes to have the |owest present worth or equival ent
annual val ue unl ess nonnonetary costs are overriding.
The nost cost-effective alternative nust al so neet the
m ni mum requi renents of appl i cabl e ef fl uent
limtations, gr oundwat er protection, or ot her
appl i cabl e standards established under the Act.
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Curves for estimating capital and operation and mai nt enance
costs may be found in reference [17], or the CAPDET system
can be used for a prelimnary estinate.

Cost comnparisons should include the cost of preapplication
treatment and sludge handling as well as |and treatnent
process conponents, including transm ssion, storage, field
preparation, renovated water recovery, and land. The costs
of resolving any water rights problens al so nust be included.
The EPA cost-effectiveness guidelines require that grant-
funded projects use the follow ng general service |ives:

1 Land Per manent
1 Structures 30 to 50 years
1 Process equi prment 15 to 30 years
1 Auxi | i ary equi pnent 10 to 15 years
Capital costs for land will vary fromsite to site. Land

treatnent systens nust have adequate | and for preapplication
treatnent facilities, storage reservoirs, wastewater appli-
cation, buffer zones, admnistrative and | aboratory buil d-
ings, transmssion pipe easenent, and other facilities.
Costs of relocating residences and ot her buil di ngs depend on
the location but also should be included in capital cost
esti mat es. The local offices of the U S Arny Corps of
Engi neers, U. S Bureau of Reclamation, and state hi ghway
departnments can provide information on relocation cost
esti mat es.

Several options are available for acquisition or control of
the |l and used for wastewater application, including:

1 Qutright purchase (fee-sinple acquisition)
1 Long-term | ease or easenent
1 Purchase and | easeback of land (usually to farnmer

for irrigation) with no direct nunicipal involve-
ment in |and nmanagenent.
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For larger projects, fee-sinple |land acquisition is favored
by nost federal agencies, states, and communities. Further,
outright purchase provides the highest degree of control over
the land application site and ensures uninterrupted |and
availability. Estimates indicate that |and | easing has been
cost effective for several hundred projects nationw de.
Cenerally, these projects are in arid or semarid areas where
renovated water has a high value and land a relatively |ow
val ue. Leasing or easenent arrangenents also can be very
attractive for smaller communities.

Capital costs of land for both | and treatnment processes and
storage prior to land application are eligible for federal
Construction Gants Program funding as specified in EPA
gui dance [18]. During the cost effectiveness anal yses, the
engi neer nust keep in mnd that, unlike many ot her treatnent
conponents, |and has a sal vage value. |In addition, current
EPA gui dance allows the | and value to appreciate 3% per year.
Thus, the sal vage value after 20 years is:

(1 + 0.03)%° x present price = (1.806) (present price)

The present worth of this salvage value is cal cul ated using
the prevailing interest rate, not the 3% appreciation rate.
Long-term easenents or |eases of land for |and application
processes also are eligible for Construction Grants Program
fundi ng, provided that the conditions sunmarized in Table 2-
15 are net.

TABLE 2-15
LEASE/ EASEMENT REQUI REMENTS FOR CONSTRUCTI ON
GRANTS PROGRAM FUNDI NG [ 18]

1 Limt the purpose of the |lease or easenment to land application and activities
incident to |land application.

1 Describe explicitly the property use desired.

1 Wi ve the | andowner*s right to restoration of the property at the term nation of
the | ease/ easenent.

1 Recogni zing the serious risk of premature |ease termination, provide for full
recovery of danages by the grantee in such an event. The grantee nust insure the
capability to operate and neet pernit requirements for the useful life of the
proj ect.

1 Provide for payment of the |ease/easenent in a lump sumfor the full value of the

entire term

! Provide for |eases/easenents for the useful life of the treatnent plant, with an
option of renewal for additional terms, as deenmed appropriate.

Qperation and mai ntenance costs include | abor, materials, and
supplies (including chemcals), and power costs. For cost
conpari son purposes, they are assuned to be constant during
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the planning period. However, if average wastewater flows
are expected to increase significantly during the planning
peri od, operation and mai ntenance costs should be devel oped
for each year of the planning process. Qperation and
mai nt enance cost curves may be found in references [17, 19].

To estimate |abor costs, staffing requirenents for both
preapplication treatnment and |and treatnment nust be deter-
m ned. Staffing requirenments for preapplication treatnent

can be found in reference [19]. Staffing requirenents at
muni ci pally owned and operated | and treatnment systens have
been plotted as a function of flow in Figure 2-9. Land

treatnent systens that are owned and/or operated by farners
wi || have | ower nunicipal staffing requirenents.

Annual costs should include the cost of l|easing land for
wast ewat er application, when appropriate. Annual cost esti-
mat es al so should take into consideration revenues fromcrop
sal es, sale of renovated water, sale of effluent for |and
application, or |easeback of purchased land for farm ng or
ot her purposes. Because of the uncertainty in estimating
t hese revenues, they should be used to offset only a portion
of the operating costs in the cost-effectiveness anal ysis.

Prevailing market values for crops usually can be obtained
fromstate university cooperative extension services. Pre-
limnary yield estimtes should be based on the proposed
application conditions and on typical yields in the |oca
ar ea.

Anot her source of revenue may be the sale of recovered ren-
ovated water, particularly runoff from OF systens or
renovated water fromRl systemrecovery wells. Markets for
renovat ed water nust be investigated on a conmunity by com
muni ty basis. Met hods of assessing the relative val ue of
renovated wastewater for various uses and potential reuse
categories are discussed in reference [20]

2.3.3.2 Energy

Basi c energy requirenents for unit processes and operations
have been described and quantified in reference [21]. The
data in the report were used to conpare | and treatnent energy
requi renents with nechanical system requirenents and to
devel op equations for calculating the energy requirenments of
each unit process [22] . Equations in Chapter 8 can be used
to generate accurate power cost estimates for the cost-
ef fectiveness anal ysi s.
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2.3.3.3 Nonnonetary Consi derations

According to the EPA guidelines, a cost-effectiveness
anal ysis must also consider nonnonetary factors such as
environmental inpacts [23, 24], ease of inplenentation
(magni tude of potential water rights conflicts, public
acceptability), and treatnent consistency and reliability.
Potential water rights conflicts are discussed briefly in
Section 2.4. Public acceptability wll be greatly aided by
an effective public participation program particularly if
there is any chance that local farners will be involved in an
SR system Public participation regulations in the federal
Construction Grants Program are given in 40 CFR Part 35.
These regulations inplenment the public participation
requi renents of 40 CFR Part 25.

Changi ng di scharge requirenents, wastewater characteristics,
growmh rates, and | and uses for areas surrounding and con-
tributing to the treatnent system require treatnent flex-
ibility. The ability of each alternative to adapt to changes
shoul d be eval uat ed.

2.3.4 Plan Sel ection

To select an alternative, each of the factors considered
during the evaluation process should be conpared on an
equi val ent basis. Mnetary factors should be expressed in
terms of total present worth or equivalent annual cost.
Nonmonetary factors should be weighted according to their
| ocal inportance, and reasons cited for abandoning any
alternative for nonnonetary reasons. |If there are no over-
riding nonmonetary factors, the alternative sel ected should
be the plan with the | owest total present worth or equival ent
annual cost.

Actual alternative selection should involve the wastewater
managenent agency, the planner/engineer, advisory groups

citizen and special interest groups, and other interested
governnental agencies. Once an alternative is tentatively
sel ected, and before design begins, mtigation neasures for
mnimzing any identified adverse inpacts should be outlined.

2.4 Water Rights and Potential Water Rights Conflicts

Land application of wastewaters may cause several changes in
dr ai nage and flow patterns [25]:

1. Site drainage may be affected by | and preparation,
soil characteristics, slope, nethod of wastewater
application, cover crops, climte, buffer zones,
and spacing of irrigation equipnent.
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2. Land application may alter the pattern of flow in
the body of water that would have received the
wast ewat er di scharge. Al though this may di m nish
the flowin the body of water, it also may increase
the quality. The change may be continuous or
seasonal

3. Land application may cause surface water diversion,
because wastewaters that previously would have been
carried away by surface waters are now applied to
| and and often diverted to a different watershed.

Two basic types of water rights laws exist in the United
States: riparian | aws, which enphasize the right of riparian
| andowners along a watercourse to use of the water, and
appropriative | aws, which enphasize the right of prior users
of the water [25] . Mst riparian or |and ownership rights
are in effect east of the Mssissippi R ver, whereas npst
appropriative rights are in effect west of the M ssissippi
River. Specific areas where these two doctrines domnate are
shown in Figure 2-10.

Most states divide their water laws into three categories:
(1) waters in well-defined channels or basins (natural
wat ercourses), (2) superficial waters not in channels or
basins (surface waters), and (3) underground waters not in
wel | - defi ned channel s or basins (percolating waters or ground
waters). Potential water rights problens involving each type
of water and each of the three primary types of |[|and
treatnment are summarized in Table 2-16. This table is
intended to aid during planning and prelimnary screening of
alternatives, but is not to be used as the basis for elim
inating any alternatives.

2.4.1 Natural Watercourses

Most | egal problenms regarding natural watercourses involve
the diversion of a discharge with the subsequent reduction in

flow through the watercourse. In riparian states, diversion
of discharges that were not originally part of a stream
should not be cause for |egal action. In appropriative

states, if the diversion would threaten the quantity or
quality of a downstream appropriation, the downstream user
has cause for |egal action. Legal action may be either
injunctive, preventing the diverter from affecting the
di version, or nonetary, requiring the diverter to conpensate
for the damages. |If the area is not water-short and if the
wat ercourse i s not already overappropriated, damages woul d be
difficult if not inpossible to prove.
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TABLE 2-16
POTENTI AL WATER RI GHTS PROBLEMS FOR LAND
TREATMENT ALTERNATI VES*

Land treatment process

wWater definition and Rapid
water rights theory Slow rate infiltration Overland flow

Natural watercourses
Riparian Unlikely Unlikely Unlikely

Appropriative Likelyb Likelyb Depends on location of
discharge from collection ditch

Combination LikelyP LikelyP Depends on location of
discharge from collection ditch

Surface waters

Riparian Unlikely Unlikely LikelyC
Appropriative Unlikely Unlikely Likely®
Combination Unlikely Unlikely Likely®

Percolating or
ground waters

Riparian Unlikely Possible Unlikely
Appropriative Likely Likely Unlikely
Combination Likely Likely Unlikely

a. For existing conditions and alternative formulation stage of the planning
process onlv. It is also assumed that the appropriative situations are
water-short or overappropriated.

b. If effluent was formerly discharged to stream.

c. If collection/discharge ditch crosses other properties to the
natural watercourse.

2.4.2 Surface Waters

For surface waters, riparian and appropriative rights are
very simlar. |f renovated water from a |and treatnent
system crosses private property, a drainage or utility ease-
ment will be necessary.

2.4.3 Percolating Waters (G ound Waters)

Water rights conflicts may be caused either by a rise in the
ground water table that damages |ands adjoining a |and
treatnent system or by the appearance of trace contam nants
in nearby wells. In riparian states, the |andowner nust
prove that his ground water is continuous with and down-
gradient from ground water underlying the land treatnent

site. |If the alleged damages are not the result of negligent
treatnent site operation, cause for legal action will be
difficult to show In appropriative states, increases in

ground water table elevations would not wusually threaten
anyone*s appropriative right. Thus, there would be no cause
for legal action.
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2.4.4 Sources of Information

For larger systens and in problemareas, the state or |ocal
wat er master or water rights engineer should be consulted.
G her references to consider are the publications, A Summary-
Digest of State Witer Laws, available fromthe National
Wat er Conm ssion 125], and Land Application of WAstewater
and State Water Law, Volunes | and Il 1126, 27]. |If problens
develop or are likely wth any of the feasible alternatives,
a water rights attorney should be consulted.
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